Objective To examine the role of executive function and attention regulation in coping and their indirect effects on anxiety and depression through coping in youth with functional abdominal pain. Methods Participants (n ¼ 44, mean age ¼ 11.77, SD ¼ 7.16, 68.2% female) and their accompanying caregivers completed measures of executive function, attention regulation, coping, anxiety, and depression during scheduled clinic appointments at a tertiary pediatric medical center. Results Regression analyses revealed significant relations between selective attention abilities and two different approaches to coping with the stressor of abdominal pain episodes. Bootstrapping procedures for mediation provided evidence for the indirect effects of selective attention and attentional control on anxiety through cognitive coping strategies. Conclusions Attention regulation may be an important factor that contributes to the variability in outcomes in youth with functional abdominal pain and should be considered when assessing the coping and psychological adjustment of this population.
Introduction
Chronic abdominal pain affects approximately 10-20% of children and adolescents (Hyams, Burke, Davis, Rzepski, & Andrulonis, 1996) , limits participation in everyday activities, and leads to frequent health care utilization (Kaufman et al., 1997) . A majority of youth with chronic abdominal pain do not have an identifiable organic pathology and are designated as having functional abdominal pain (FAP; Rasquin et al., 2006) .
Several psychological factors, including anxiety and depression, have been associated with chronic abdominal pain. Studies have shown that youth with chronic abdominal pain have higher levels of anxiety (Dufton, Dunn, & Compas, 2009 ) and depression in comparison to healthy controls (Walker, Garber, & Greene, 1993) . Empirical research is beginning to examine factors, including individual differences in coping, that differentiate psychological and functional outcomes in youth with chronic abdominal pain (Mulvaney, Lambert, Garber, & Walker, 2006) .
Compas and colleagues proposed a multidimensional model for understanding general stress reactions in children and adolescents (Compas, Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001 ). Within the model, coping includes the voluntary actions that alter cognitions, emotions, behavior, bodily processes, and the environment in response to a stressor. There are three types of voluntary coping: primary control, secondary control, and disengagement Connor-Smith, Compas, Wadsworth, Thomsen, & Saltzman, 2000) . Primary control engagement coping involves attempts to alter one's emotions or the stressor itself. Secondary control engagement coping includes efforts to become accustomed to the stressor by modifying cognitions or regulating attention. Disengagement coping involves removing oneself from the stressor or from one's emotions related to the stressor.
Voluntary stress responses seem to develop during early childhood and correspond with the development of the prefrontal cortex and more complex language abilities and executive functions (Compas & Boyer, 2001) . The strength of the relations between age and coping responses, however, has been equivocal in previous investigations (Campbell et al., 2009; Thomsen et al., 2002) . Prior studies have found positive correlations between primary and secondary control engagement coping and strong negative correlations between secondary control and disengagement coping (Campbell et al., 2009; Connor-Smith et al., 2000) .
In youth with chronic abdominal pain, disengagement coping is associated with increased levels of pain, somatic symptoms, anxiety, and depression, whereas engagement coping is associated with lower levels of the aforementioned difficulties Kaminsky et al., 2006; Thomsen et al., 2002) . These findings underscore the importance of attention-demanding coping strategies in response to abdominal pain episodes. Examining the influence of self-regulatory processes on coping would elucidate the relation between abdominal pain and psychological outcomes, including anxiety and depression.
Role of Executive Function and Attention in Coping
Executive function (EF) is the set of self-regulatory processes that select and manage behavioral, emotional, and cognitive activity (Gioia, Isquith, Guy, & Kenworthy, 2000) . Elements of EF include initiation, planning, and inhibition, as well as aspects of attention regulation such as selective attention, sustained attention, and attentional control (Gioia et al., 2000) . Selective attention is the ability to efficiently identify important elements of stimuli and resist distraction (Manly, Robertson, Anderson, & Nimmo-Smith, 1999) . Sustained attention is the ability to focus attentional resources on a task over time and attentional control is the ability to switch attention between stimuli (Manly et al., 1999) . Empirical studies on the development of attention regulation and EF in children suggest that these abilities mature in a non-linear fashion, and likely parallels children's development of the prefrontal cortex (Compas & Boyer, 2001) .
As part of a biopsychosocial model of chronic illness, Compas proposed that the association between coping and psychosocial adjustment is largely influenced by higher order executive functions (Compas & Boyer, 2001) . First, selective attention and attentional control are required to identify important stimuli and shift attention away from the stressor to a coping attempt. Children who have difficulty moving their attention from distressing stimuli to a coping response may be at increased risk for poor outcomes (Compas & Boyer, 2001 ). Second, attention regulation and EF may influence the choice of coping strategy. Individuals with limited executive and attentional capacities are more likely to adopt disengagement strategies (Matthews, Coyle, & Craig, 1990) , and thus may be more likely to develop adjustment difficulties. Third, EF and attention regulation may indirectly affect outcomes by influencing the effectiveness of coping strategies (Compas & Boyer, 2001) . Those with difficulty mentally manipulating information and sustaining attention when faced with a stressor may not be able to effectively employ coping strategies that require attentional focus (Matthews & Wells, 1996) .
The only published study of the influence of EF on coping provides support for Compas's biopsychosocial model of coping (Compas & Boyer, 2001 ). In a sample of adolescent cancer survivors, better EF was related to more use of engagement coping strategies, while poorer EF was related to more use of disengagement coping strategies (Campbell et al., 2009) . Elements of EF also had indirect effects on behavioral functioning through secondary control coping.
Clarifying the role of EF and attention regulation in coping in youth with FAP would add to the growing literature on the factors underlying the varying psychological outcomes associated with FAP. This study examined the indirect effects of EF and attention regulation on anxiety and depression through coping in youth with FAP. Specific hypotheses were: (1) increased use of engagement coping strategies will be related to less anxiety and depression; (2) poorer EF and attention regulation will be associated with more use of disengagement coping strategies and less use of engagement strategies; (3) EF and attention regulation will have significant indirect effects on anxiety and depression through voluntary engagement coping responses.
Method Participants
The sample consisted of 44 youth with FAP and an accompanying caregiver. Inclusion criteria were age 8-16 years and diagnosis of FAP. The FAP diagnosis was based on Rome III criteria (Rasquin et al., 2006) , which requires episodic or continuous abdominal pain at least once per week for 2 months that does not meet criteria for other functional gastrointestinal disorders and has no known organic disease process. Exclusion criteria were documented cognitive impairment and non-English speakers. Of the 52 youth with FAP approached, 44 participated in the study. The eight youth who did not participate declined due to time constraints. The mean age was 11.77 years (SD ¼ 7.16) and 68.2% of the sample was female. The sample was primarily Caucasian (81.8%) with seven African-Americans and one Native American. Participating caregivers were those that accompanied the participant to the clinic visit and primarily were mothers (88.6%), but also included three grandmothers, one father, and one aunt. If more than one caregiver attended the visit, the caregiver with the most contact with the participant was identified. Seventy percent of caregivers had education beyond high school and 63.7% had annual household incomes less than $40,000. Fifty percent of the participants lived in two-parent households. The demographic characteristics of this sample are similar to reported characteristics of other studies on children with FAP Walker et al., 2006) .
Measures

Youth Measures
Attention: Participants were administered five subtests (described below) of the Test of Everyday Attention for Children (TEA-Ch; Manly et al., 1999) that assess all three aspects of attention: selective attention, sustained attention, and attentional control. The TEA-Ch was adapted for use with 6-16-year-olds from the Test of Everyday Attention (Robertson, Ward, Ridgeway, & Nimmo-Smith, 1995) . Each subtest provides a standard score (M ¼ 10, SD ¼ 3) based on the normative sample. The TEA-Ch manual (Manly et al., 1999) offers evidence of construct validity by reporting significant correlations between subtests and widely used neuropsychological measures. Test-retest reliability correlations for these measures are high and range from .71 to .85 (Manly et al., 1999) .
Participants were administered the following subtests: (1) Sky Search (selective attention)-the child circles target shapes on a sheet filled with similar distracter shapes.
(2) Creature Counting (attentional control)-the child counts creatures along a path and switches between counting upward and downward depending on the presence of up or down arrows. (3) Sky Search DT (sustained attention)-combines the Sky Search task of circling target stimuli with counting the number of tones heard on a recording. The difference in performance in terms of circling target shapes on Sky Search DT and Sky Search is a measure of the ability to sustain and allocate attention while performing more than one task. (4) Score DT (sustained attention)-the child counts the number of tones while also listening for another target stimulus (animal name spoken during a news report). (5) Opposite Worlds (attentional control)-the child reads aloud digits (one or two) intermittently listed on a worksheet and either says the digit presented or the opposite digit presented depending on the presence of a target stimulus.
Three attention variables were created based on the administered TEA-Ch subtests. The Sky Search attention standard score represented selective attention abilities. Sustained attention comprised the average of the Sky Search DT standard score and the Score DT standard score. The average of the Creature Counting and Opposite Worlds standard scores served as the measure of attentional control. Each analysis included only one construct of attention regulation at a time due to the weak correlation between selective attention and sustained attention (r ¼ .16).
Coping: The child version of the Responses to Stress Questionnaire-Abdominal Pain Version (RSQ; ConnorSmith et al., 2000) served as the measure of coping. The RSQ is a 57-item measure based on Compas and colleagues' (2001) conceptualization of stress responses and requires the respondent to identify how often he/she used a response to abdominal pain in the past 6 months. The self-report version of the RSQ was chosen over the parent report in order to more accurately measure internal coping processes and to add to the literature on coping in youth with FAP which has generally relied on parent reports (e.g., Thomsen et al., 2002) . The RSQ provides scores for five coping factors: primary control engagement, secondary control engagement, disengagement coping, involuntary engagement, and involuntary disengagement. The proportion of the total responses for each factor was used in all analyses in order to control for individual differences in the amount of responses (Thomsen et al., 2002) . Test-retest correlations for the five factors on the social stress version range from .69 to .81 (Connor-Smith et al., 2000) . Internal consistencies for the factors included in the analyses were .71 (primary control engagement), .70 (secondary control engagement), and .72 (disengagement).
Anxiety: Participants completed the Multidimensional Anxiety Scale for Children-10-item form (MASC-10; March, Parker, Sullivan, Stallings, & Conners, 1997)-a self-report of anxiety symptoms comprising 10 items from the original MASC. The MASC-10 has adequateto-excellent test-retest reliability (March, Sullivan, & Parker, 1999) , successfully differentiates anxious and depressed children (Rynn et al., 2006) , and is highly correlated with the full MASC total score (r ¼ .90; March, 1997) . The Cronbach alpha for this study was .73.
Current pain: Participants completed the Faces Pain Rating Scale (Wong & Baker, 1988) , which presents six pictures of faces demonstrating progressively worse levels of pain ranging from ''no hurt'' to ''hurts worst.'' Participants rated their level of pain intensity at the time of data collection in order to examine the effects of pain on attention regulation (Eccleston & Crombez, 1999) . The Faces Pain Rating Scale has been shown to be a reliable and valid measure for use with children and adolescents (Wong & Baker, 1988) .
Caregiver Measures
Executive Function: Caregivers completed the Behavior Rating Inventory of Executive Function (BRIEF; Gioia et al., 2000) -an 86-item, parent-report measure of EF in youth ages 5-18. There are eight scales: inhibit, shift, and emotional control comprise the behavioral regulation index (BRI); initiation, working memory, plan/organize, organization of materials, and monitor form the metacognition index (MCI). The sum score comprises the global executive composite (GEC). Due to the strong correlations between the eight clinical scales (r's ranged from .42 to .81, p < .01), and between the BRI and MCI (r ¼ .92, p < .01), in this sample, the GEC raw score served as the EF predictor in all analyses. Higher scores indicate greater levels of perceived impairment. Test-retest reliability ranges from .72 to.88 and internal consistency correlations range from .82 to .98. In this study the Cronbach alpha was .98. The BRIEF manual (Gioia et al., 2000) provides evidence of construct validity through strong correlations between BRIEF scales and relevant published behavioral scales.
Depression: Caregivers also completed the Behavioral Assessment System for Children-Second Edition (BASC-2) Parent Rating Scale (Reynolds & Kamphaus, 2004) ,-a multidimensional rating scale of child and adolescent adaptive and problematic behavior. The BASC-2 PRS has excellent reliability and validity (Reynolds & Kamphaus, 2004) . In order to reduce the measurement burden on the youth with FAP, the BASC-2 PRS Depression subscale served as the measure of youth depressive symptoms. Cronbach alphas for this scale on the child and adolescent versions ranged from .77 to .90.
Demographics: Each caregiver also completed a demographic questionnaire regarding ethnicity, educational background, household income, and current medications.
Procedure
Patients diagnosed with FAP were recruited consecutively from a tertiary pediatric gastroenterology practice during scheduled clinic appointments. Informed consent was obtained from caregivers and assent from youth. Data collection occurred within the context of the medical appointment. Accompanying caregivers completed the demographics questionnaire, the BRIEF, and the BASC-2. In a separate room, trained doctoral students administered measures to participants in the following standardized order: Faces Pain Rating Scale, TEA-Ch subtests (Sky Search, Creature Counting, Sky Search DT, Score DT, and Opposite Worlds), RSQ, and the MASC-10. The TEA-Ch subtests were administered immediately following the Faces scale to decrease the likelihood of fatigue affecting performance. The remaining self-report measures were administered orally to each youth with FAP to control for potential differences in reading ability. Data collection lasted approximately 35-60 min. Participants were compensated with $20 cash. An institutional review board approved all study procedures.
Data Analyses
Analyses involving the coping variables only included the voluntary coping responses from the RSQ: primary control, secondary control, and disengagement coping. Two multiple regression models tested the strength of the coping variables as predictors of anxiety and depression. Multiple regression analyses also tested the strength of EF and the attention regulation variables as predictors of coping. Three models were regressed on each coping factor with each model including EF and one of the attention regulation variables as predictors. Effect sizes were calculated using R 2 and Cohen's f 2 . Power analyses revealed that sample sizes of 42-67 and 48-76 participants for multiple regression analyses with two and three predictors, respectively, were needed to detect anticipated effect sizes ranging from .15 to .25 (Soper, 2009) .
Bootstrapping procedures for mediation (Preacher & Hayes, 2004) directly tested the significance of the indirect effects of EF and the three attention regulation variables on anxiety and depression through voluntary engagement coping responses. This approach addresses some of the shortcomings associated with the Baron and Kenny (1986) approach to mediation, including improving power and reducing the probability of Type I and II errors (for review, see Preacher & Hayes, 2004) . Unlike Sobel tests of mediation (Sobel, 1982 ) the bootstrapping procedure is a nonparametric approach that allows for nonnormal distributions and smaller sample sizes. Each bootstrapping model used 5000 iterations and 95% confidence intervals (CI) were used to determine the specific indirect effects of proposed mediator variables. 
Results
Descriptive and Preliminary Analyses
Correlational Analyses
Results from correlational analyses are presented in Table II . Participant age, pain level at the time of study participation, and length of time since onset of abdominal pain episodes were not significantly correlated with any of these variables, and therefore not included as covariates in subsequent analyses. Secondary control coping was inversely related to anxiety symptoms (r ¼ À.41, p < .01). Better selective attention was related to increased use of secondary control coping strategies (r ¼ .33, p < .05). However, contrary to hypotheses, better selective attention was also related to increased use of disengagement coping strategies (r ¼ .39, p < .01). 
Relation between Coping and Psychological Outcomes
Two multiple regression models tested the strength of engagement and disengagement coping responses as predictors of anxiety and depression (Table III) 
Predicting Coping
Multiple regression models examined the strength of EF and the individual attention regulation variables as predictors of the three coping variables. The model that included EF and selective attention as predictors (Table IV) 
Indirect Effects of EF and Attention Regulation on Psychological Outcomes through Coping
Two bootstrapping analyses examined the indirect effects of each independent variable on each dependent variable through either primary control or secondary control coping. The bootstrapping model testing selective attention's indirect effects on anxiety through secondary control coping revealed significant mediation (Table V) . Direct (À.1524, p < .58) and total effects (-.3840, p < .17) of selective attention on anxiety were not significant. Ninety-five percent confidence intervals, however, revealed that secondary control coping significantly mediated the relation between selective attention and anxiety. The analysis examining the indirect effects of attentional control on anxiety through secondary control coping also demonstrated significant mediation (Table V) . Direct (.0172, p < .95) and total effects (À.1555, p < .55) of attentional control on symptoms of anxiety were not significant. However, the 95% confidence intervals indicated that secondary control coping significantly mediated the relationship between attentional control and anxiety. None of the other bootstrapping models with anxiety as the (Cohen, 1988 Cohen's f 2 of 0.02, 0.15, and 0.35 considered small, medium, and large, respectively (Cohen, 1988 
Discussion
This is the first known investigation of the influences of EF and attention regulation on coping and outcomes in youth with a recurrent pain condition. This study highlights the role of self-regulatory processes in coping and provides evidence for their indirect effect on outcomes in youth with FAP. Adaptive coping was related to lower levels of distress and an aspect of attention regulation was related to the type of coping strategy used in response to abdominal pain. Components of attention regulation also had indirect effects on anxiety through coping. Youth in this sample demonstrated moderately elevated levels of anxiety and depression consistent with other findings, suggesting that these results are representative of youth with FAP (Dufton et al., 2009; Kaminsky et al., 2006) . Increased use of secondary control coping was related to lower rates of anxiety while the other coping strategies were unrelated to anxiety. This suggests that cognitive coping strategies are more effective than attempts to modify stressors when faced with episodic abdominal pain. Participants used secondary control coping strategies the least, highlighting the importance of increasing the use of these strategies in interventions.
Executive function was not significantly related to coping. The lack of relationship between EF and primary control coping is surprising given that emotion regulation is a key factor of both constructs. Better EF may not be required for youth with FAP to use such strategies as relaxation or modifying their emotions. Alternatively, this finding may be related to the differing informant sources for these variables. The small sample size and the relatively young age of participants may also have weakened the relationships between EF and coping by reducing the variability observed in these variables. Older participants are likely to have qualitatively different EF abilities and, given the modest positive relation between age and secondary control coping, an older sample may have used more secondary control coping strategies.
Selective attention significantly predicted the use of secondary control coping. Efficiently identifying relevant stimuli and ignoring distracters was related to increased use of cognitive modification strategies. This finding supports the only published investigation of the associations between neurocognitive variables and coping (Campbell et al., 2009 ) and fits well with selective filter models of attention (see Lachter, Forster, & Ruthruff, 2004) . Such theories emphasize the limited capacity of attention and suggest that youth must select stimuli to attend to before further processing or action. Within the context of coping, youth with FAP who selectively identify and attend to adaptive thoughts may use cognitive coping strategies more.
The relationship between selective attention and coping has potential implications for interventions with youth with FAP. Enhancing the efficiency of identification of thoughts during a pain episode may promote increased use of secondary control coping strategies. Interventions that target increasing awareness of thoughts and teach ways of distinguishing positive from negative thoughts may improve children's abilities to attend to more adaptive thoughts.
Interestingly, selective attention also predicted disengagement coping. This may be consistent with evidence suggesting that children with chronic abdominal pain demonstrate a subconscious bias toward threat words but consciously avoid threat words . This inclination to consciously avoid threat may explain the reliance on disengagement coping found in the present sample. Children with better selective attention skills who efficiently identify threat stimuli may use disengagement strategies due to this tendency to avoid stressors. Both selective attention and attentional control had indirect effects on anxiety through secondary control coping. This suggests that youth who efficiently identify important stimuli and easily shift their attention use more secondary control coping strategies and, in turn, have fewer symptoms of anxiety. Those with poorer selective attention and attentional control may be at greater risk for developing symptoms of anxiety due to their tendency to implement adaptive coping strategies less frequently. Given that children with chronic abdominal pain tend to have elevated levels of anxiety (e.g., Dufton, Dunn, & Compas, 2009) , the influence of neurocognitive variables should be examined further to identify potential predictors of coping success.
The current project has a number of strengths. First, well-normed measures of EF and attention regulation captured these abilities from multiple perspectives. Second, bootstrapping procedures facilitated the detection of mediation in a smaller sample. Finally, this study provided a framework for future research on the influence of neurocognitive abilities on coping among pediatric populations. Since children with medical conditions vary in terms of neurocognitive abilities it will be important to determine how much these abilities influence coping in different illness groups. Such research would inform clinical care in groups with neurocognitive sequelae.
This study had limitations that should be considered when interpreting the results and considering the generalizability of the findings. First, the sample size may have limited the ability to detect small but potentially meaningful relations between variables. Second, selective attention abilities were assessed using only one subtest of the TEA-Ch. Third, this study did not assess EF and attention regulation during pain episodes. There is likely greater variability in neurocognitive abilities during a pain episode (Eccleston & Crombez, 1999) , and it is this variability and its influence on coping that is of primary interest. Experimental procedures could address this limitation . Similarly, ecological momentary assessment approaches to measure coping when in pain would improve on the use of retrospective recall.
The generally low neurocognitive abilities of this sample may have limited the variability in these variables, potentially weakening the relationships between EF and attention regulation and other variables. This study did not include a control group and is unable to determine whether youth with FAP have increased difficulties with EF and attention regulation compared to controls or whether EF uniquely affects coping in youth with FAP. The generally low socioeconomic background of the sample may also have affected the findings, given that better attentional control was related to parent education. Finally, the lack of a self-report measure of depression is a limitation that may explain the null results with this outcome. Future research should include self-reports when examining the role of coping in internalizing symptoms.
Overall, findings from this preliminary study underscore the use of cognitive coping strategies when dealing with abdominal pain and highlight the influence of attention regulation on coping and emotional distress in youth with FAP. Attention regulation and coping may be important factors that contribute to the variability in outcomes in youth with FAP and are worthy of additional research. Future studies should attempt to replicate and expand on these findings.
